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Contributions within Discipline: 
The relationship between protein sequence, structure and function is a complex one, and much more can be learned from structure than
sequence. However, the cost of producing a one dimensional sequence is much less than producing a structure.   While recent developments
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towards high throughput structure determination will likely impact this balance, the situation will continue to hold true.   For this reason there is
much interest in contributing to the recognition   of three  dimensional structure from protein sequence. An efficient computer-based algorithm
for determining the most probable  structure from the sequence with very low sequence identity,  
would be a great benefit in this task.   

The method that we investigated here is intended to provide critical information for prediction of protein 3D structure from accurate prediction
of protein secondary structure and relative solvent accessibility. We have developed a unique numerical representation of proteins that  have
been represented by character strings of alphabets, reflecting long-range interactions.  To achieve our goal of finding proper numerical
representation of proteins, we explored encoding schemes based on the statistical matrix which is generated by the product of the relative
occurrences of the two amino acids for a given long range interaction pair and on specific characteristics of the residue such as hydrophobicity
or sequence around the residue within some predetermined window.  Though the local sequence environment is most significant for secondary
structure, the long range interaction may play an important role in protein folding including cross-linking secondary structure. 
 
For protein structure prediction, we designed knowledge-based prediction systems which are scalable to data, efficient and effective.  For this,
we developed kernel based nonlinear extensions of classification and dimension reduction methods such as KOC and KDA/GSVD.  Our
experimental results indicate that conventional linear classifiers do not perform well on protein structure prediction.  Accordingly, we
developed nonlinear classifiers and nonlinear dimension reduction and visualization based on our earlier work which is applicable to linear
problems, extending ideas from reproducing kernel Hilbert space.

In midroarray analysis, the gene selection methods and adaptive dimension reduction methods that we investigated are intended to provide 
critical tool in designing practical methods in handling massive data sets of very high dimension.  The adaptive dimension reduction method
that we have designed is important in efficient prediction of protein 3D structure using the machine learning methods such as the support vector
machines. The adaptive methods make it possible to utilize a very large amount of data points without repeating all stages of expensive
computation of the solution. When combined with dimension reduction, it produces a powerfully fast algorithm that allows us to utilize more
data with a fixed amount of storage and computation power.  Our earlier experimental results indicate that conventional linear classifiers do not
perform well on protein structure prediction.  Accordingly, we developed adaptive nonlinear classifiers and adaptive nonlinear dimension
reduction and visualization based on our earlier work extending ideas from reproducing kernel Hilbert space.  Out adaptive methods are  based
on the mathematical relationship between the minimum squared error formulation and the linear discriminant analysis and its nonlinear
extension gives further importance and practical value to the linear and nonlinear dimension reduction methods to protein structure prediction.


Gene expression microarray data sets often contain missing expression values. Robust missing value estimation methods are needed since many
algorithms for gene expression analysis require a complete matrix of gene array values.  The identification of discriminant genes is one of the
most fundamental steps in microarray gene expression data analysis to confirm recent discovery in disease research or suggest new genes to be
explored.  

Gene expression data sets often contain missing values for various reasons. For example, the background and the signal may have similar
intensities, the surface of the chip may not be planar, there may be dust on the slides, the probe may not be properly fixed on the chip or washed
properly, the hybridization step may not work properly.   There are several approaches for estimating the missing values.  Recently, for missing
value estimation, the singular value decomposition based method (SVDimpute) and weighted $k$-nearest neighbors imputation (KNNimpute)
have been introduced.  It has been shown that KNNimpute performs better on non-time series data or noisy time series data, while SVDimpute
works well on time series data with low noise levels.  Overall, the weighted $k$-nearest neighbors based imputation provides a more robust
method for missing value estimation than the SVD based method.    Recently, Bayesian principal component analysis (BPCA), which
simultaneously estimates a probabilistic model and latent variables within the framework of Bayesian inference, has been successfully applied
to missing value estimation problems.  A fixed rank approximation algorithm (FRAA) using the singular value decomposition has been
proposed.  However, FRAA could not outperform KNNimpute even though it is more accurate than replacing missing values with 0's or with
row means.

We developed a novel least squares based imputation method in the gene expression data for estimating missing values.  Our local least squares
based method (LLSimpute) represents a target gene that has missing values as a linear combination of similar genes.   The similar genes are
chosen by k-nearest neighbors or the concept of coherent genes that have large absolute values of Pearson correlation coefficients.   The
imputation method has been tested on different data sets and compared with KNNimpute and an estimation method based on BPCA.  The
LLSimpute method has already been widely used and studied by researchers in the community.


The gene selection problem involves finding a minimum subset of the original features that yields the best classification performance.  Many of
the approaches for feature selection have been in use.  Correlation coefficients are used to rank features for evaluating how well an individual
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feature contributes the discrimination between the diseased and normal states.  After training a multivariate classifier such as Fisher's linear
discriminant or support vector machines, we can find the features with the most information content by ranking the weights of the
corresponding features.  The results produced by these methods are often far from being optimal  if we remove more than one feature at a time. 
Moreover, the classical Fisher's linear discriminant fails when the number of features is larger than the number of data points due to potential
singularity problems of the scattering matrices.  Recursive feature elimination (RFE) with support vector machines was proposed to overcome
this problem.  This is based on backward feature elimination and a wrapper method, which requires very high computational cost.  Recently,
regression approaches have emerged where classification is considered as a special case of regression.  Ridge regression tends to retain all
elements of the weight vector since it uses $L_2$ penalty.  Least absolute shrinkage and the selector operator (LASSO) uses $L_1$ penalty
instead so that it zeroes out all but an optimal feature subset.  The originally solution of LASSO cannot be applied when the number of features
($n$) is greater than the number of samples ($m$).  

In our research, we used $L_1$-norm support vector machines with recursive multiple feature elimination for gene selection for cancer
classification, which is accurate and computationally efficient since it can remove several features at the same time for the identification of
discriminant genes.  Our research has greatly increased the performance of the missing value estimation and gene selection for cancer
classification. All discovered methods have been rigorously tested computationally using the microarray data sets which are publicly available
including those from the Stanford Microarray Database (SMD).
Contributions to Other Disciplines: 
Contributions to the Other Disciplines of Science or Engineering

In the process of designing effective encoding schemes for proteins and efficient algorithms for protein structure prediction, we have
developed the methods that can be applied to various microarray analysis data. They are the missing value estimation and gene selection in
microarray analysis. Unlike in other applications such as text processing, facial recognition, or finger print classification, feature extraction
cannot give the useful information in microarray analysis where the information on significance of specific genes is needed.  By finding a
relationship between feature extract and feature selection, we have designed a powerful gene selection method based on the linear discriminant
analysis and also L1 norm based support vector machines. 


The adaptive linear and nonlinear dimension reduction algorithms and the missing value estimation methods that we designed have broad
applications in Science and Engineering.  The adaptive linear and nonlinear dimension reduction algorithms have already been successfully
applied to applications such as facial recognition, text data classification in information retrieval, finger print classification.  The missing value
estimation method is needed in many other application areas such as collaborative filtering, and in any data analysis of experiments where there




We are exploring the possibility of applying our algorithms developed for the protein structure prediction and microarray data analysis to
network intrusion detection. Interestingly, there is some similarity among these problems due to the fact that the original data sets are
 non-numeric and good numeric encoding schemes are needed to utilize vector space based methods. In addition, clustering and classification
play main roles in both problems for class prediction of unseen data items.
Contributions to Human Resource Development: 
 
Contributions to Resources for Research and Education: 
All of the papers published  with the support of the grant
are available to view and download at 'http://www.cc.gatech.edu/~hpark'.

Contributions Beyond Science and Engineering: 
 
Categories for which nothing is reported: 
Organizational Partners
Activities and Findings: Any Training and Development
Activities and Findings: Any Outreach Activities 
Any Web/Internet Site
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Any Product
Contributions: To Any Human Resource Development
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